PROCESS AND APPARATUS FOR DISENGAGING SEMICONDUCTOR 

DIE FROM AN ADHESIVE FILM 



Field of the Invention 

The present invention relates generally to semiconductor manufacturing 
and more particularly to a process and apparatus for picking die during a die 
attach operation. 

Background of the Invention 

Pre-packaging operations of IC chips, which include operations such 
semiconductor substrate (wafer) mounting, wafer sawing, die separation, die 
transfer, and die attach are critical operations which demand care while 
handling wafers and their respective dice and die. Functional die damaged 
during these operations unnecessarily increase processing costs and reduce 
yield. One particular type of die substrate susceptible to problems during pre- 
packaging operations includes gallium arsenide (GaAs). Crystalline GaAs is 
brittle and predisposed to chipping and cracking. 

In a typical pre-packaging operation, after wafers are sorted, they are 
mounted on adhesive tape. The adhesive tape provides support for the wafers 
during wafer saw, die transfer, and the die attach operations. The wafer saw 
cuts the individual dice from the wafer while leaving them on the adhesive tape. 
After which a die attach operation is performed. Referring now to prior art 
FIGs. 1 and 2, a typical die attach operation includes removing individual die 
10 from the backing tape (adhesive film) 12 and attaching them to a packaging 
substrate (not shown), i.e., a leadframe, or a plastic or ceramic substrate. 



Plunge-up needles 14 are projected from a needle holder 16 and push the die 
from underneath through openings in an anvil 13 causing the die 10 and the 
adhesive tape 12 to disengage from one another thereby facilitating the 
transport of the die 10 to a collet (soft rubber vacuum pick-up) 12 on the pick- 
up head of the die attacher (not shown). The die attacher then aligns the die in 
its proper orientation and positions it on a die transfer pack or the packaging 
substrate. 

Conventional plunge-up needle configurations and designs are adequate 
for GaAs die thicker than 4-mil. However, increased performance demands are 
imposing increased heat dissipation requirements, which in turn are forcing 
gallium arsenide chip manufacturers to consider designs wherein GaAs 
substrate thicknesses are on the order of 2-mil or less. At these thicknesses, die 
transfer tools and die attachers utilizing plunge-up needles to perform adhesive 
tape die separation operations can produce die fractures, such as the fracture 20 
shown in FIG. 2, or even completely break the die. If detected, the fractures 
result in die scrap. If undetected, the fractures pose a problem with device 
reliability. 



Detailed Description of the Drawings 
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The features and advantages of the present invention will be more clearly 
5 understood from the following detailed description taken in conjunction with 
the accompanying FIGURES where like numerals refer to like and 
corresponding parts and in which: 

FIGs. 1 and 2 include cross-sectional views illustrating a prior art 
apparatus and method for disengaging a die from an adhesive tape during a die 
10 attach operation. 

FIGs. 4, 5, and 6 include examples of a design for a plunge-up blade 
holder, a plunge-up blade, and an anvil, respectively used in accordance with 
the present invention; and 

FIGs. 3 and 7-10 include cross-sectional views illustrating a bladed die 
15 pick-up apparatus and a method of picking up a die in accordance with an 
embodiment of the present invention. 

Skilled artisans appreciate that elements in the figures are illustrated for 
simplicity and clarity and have not necessarily been drawn to scale. For 
example, the dimensions of some of the elements in the figures may be 
20 exaggerated relative to other elements to help to improve understanding of 
embodiments of the present invention. . 
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Detailed Description 



The present invention contemplates a method and apparatus for removing 
die from an adhesive film during a die attach operation. The apparatus includes 
a blade mechanically coupled to a blade holder, wherein the blade is inclined 
relative to the primary surface of the semiconductor die. The method further 
comprises using the blade to lift the semiconductor die while it is attached to 
the adhesive tape to assist in its disengagement. The blade facilitates peeling of 
the semiconductor die from the adhesive tape while distributing mechanical 
stresses exerted on the semiconductor die during the lifting operation across the 
surface area of the semiconductor die thereby resulting in reduced die fractures. 
Embodiments of the present invention will now be disclosed in greater detail 
with reference to the accompanying FIGs. 3-10. 

FIG. 3 illustrates a cross-sectional view of a die picking system 
illustrating an embodiment of the present invention. Included in FIG. 3 are a 
plurality of semiconductor die 301-305, wherein the bottom surface of the 
semiconductor die are attached to an adhesive film 32. The adhesive film is 
mounted a rigid frame (not shown) and placed on an X-Y table (not shown) that 
controls relative alignment of respective die in the die picking apparatus. The 
X-Y table is controlled by a series of stepper motors, as know to one of 
ordinary skill. As shown in FIG. 3, the adhesive film 32 overlies an anvil 33. 
The anvil 33 includes an aperture opening 331 having a location corresponding 
with a position for die pick-up processing for a semiconductor die, such as for 
example die 303. A soft rubber vacuum pickup 38 assists in the detachment of 
the die from the adhesive film 32 and transports the die 303, after the die 



separation, to a package (not shown) for subsequent die attach processing. In 
accordance with an embodiment of the present invention, the plunge-up blade 
34 and blade holder 36 replace the prior art needle(s) shown in prior art FIGs. 1 
and 2. 

Shown in FIGs. 4, 5, and 6 are non-limiting embodiments illustrating 
examples of designs for the plunge-up blade holder 36, the plunge-up blade 34, 
and the anvil 33, respectively, for use with the present invention. However, one 
of ordinary skill in the art recognizes that a variety of design variations and 
modifications may be incorporated within this embodiment and others that do 
not depart from the scope and spirit of the present invention. Shown in FIG. 4 
is a top view 361 and side view 362 of the blade holder 36 that includes the 
plunge-up blade 34. Shown in the top view of FIG. 4, one specific 
implementation of the blade holder design illustrates that it may be cylindrically 
shaped having a groove 40 that extends through its diameter. The groove 40 is 
slightly wider than the width of the blade 34. The blade 34 is positioned in the 
groove 40, set to a desired inclined position as indicated by the angle 42, and 
then secured with setscrew 37. In alternative embodiments, the blade may be 
integrally formed as part of the blade holder, or a variety of other blade 34 and 
groove 40 configurations may be incorporated. For example, a groove or a slot 
may be milled in the blade holder at a predetermined angle thereby eliminating 
the need to manually align the blade. The degree of the angle and the blade 
length are dependent on a variety of factors, such as the size (length and width) 
and thickness of the die, characteristics of the adhesive film 32, and operational 
speed of the die picking system. These factors will become apparent during 
subsequent discussion with respect to operation of the die picking system. 



Shown in FIG. 5 is a cross-sectional view 341 and a side view 342 of the 
blade 34 shown in FIGs. 3 and 4. In one non-limiting embodiment, the blade 
34 is designed to have a width 52 of approximately 127 microns (5-mil). For 
the purposes of this specification 1-mil is equal to 0.001 inches. The top 
portion 50 of the blade 34 is rounded, wherein the radius of the top rounded 
portion of the top surface is approximately 127 microns. In one specific 
integration of the blade 34 and the adhesive tape 32 in the die picking system 
shown in FIG. 3, it was experimentally determined that a radius substantially 
less than 5-mil may cause problems with puncturing the adhesive film 32 
during the die picking operation. Additionally, diameters significantly greater 
than 5 mil, such as for example, approximately 508 microns (20-mil), allows 
too much surface area of the blade to contact adhesive film 32, thereby 
impeding pick-up of the die by the soft rubber vacuum pickup due to 
insufficient delamination of the die from the tape. 

Included in FIG. 5 is an illustration of the side view 342 of the plunge-up 
blade 34. Dimensions 54 should be selected such that it corresponds generally 
to the length or width of a die such as die 303 shown in FIG. 3. However, one 
of ordinary skill in the art recognizes that this length 54 may depend on a 
variety of factors that include the dimensions and shape of the die, the adhesive 
strength of the adhesive film 32, and the amount of vacuum applied by the soft 
rubber vacuum pickup, which will be discussed subsequently. A rectangle 
design where the bottom edge 501 is rounded similar to edge corresponding to 
the top portion of the blade 50 may be incorporated to increase the overall life 
and use of the blade 34. Thus, when one edge of the blade is damaged or 
becomes unusable due to over use, the blade can simply be rotated and then 
edge 501 used to perform the die picking operation. Although the edge 502 is 
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illustrated as being substantially flat with respect to extending along the length 
54, it also may be advantageous to slightly curve the edge 502 to create a bend 
in the surface extending along the length 54 to additionally promote peeling of 
the die from the adhesive tape. 
5 The previously disclosed design may be characterized as an I-blade 

design wherein the blade is continuous and extends along a single axis in a 
single direction. The present invention also contemplates alternative designs, 
which may include multiple blades that may extend along more than one axis. 
For example, an X-blade, Y-blade, V-blade or multiple finger-blade design can 
10 be incorporated wherein multiple blades contact the adhesive tape along more 



\! than one axis to disengage the die. Multiple blade configurations may be 

m 

W particularly helpful by strategically distributing the force exerted on the die 



during the pick-up operation. In addition, the blade can be designed to include 
slots, whereby the surface of the blade discontinuous, further reducing the 
Ln 15 surface area of the blade actually contacting the adhesive tape during the lifting 

Q 

fy operation. 

Shown in FIG. 6 is an anvil 33 designed for use with the plunge-up blade 
34. In the center of the anvil is an opening 331. Opening 331 corresponds to 
the opening 33 1 in FIG. 3 and is designed to accommodate movement of the 

20 plunge-up blade 34 through it. Also shown on the anvil 33 are vacuum ports 
333. The vacuum ports are used to secure the adhesive film and die during the 
die picking operation. For example, after the tape 32 attached to dice 301-305 
has been moved to a processing position over the opening 331 by way of an X- 
Y table, vacuum is applied through the vacuum ports 333 to secure the adhesive 

25 tape 32 to the anvil base. As discussed previously with respect to FIG. 5, 
problems can be encountered with the adhesive film 32 becoming punctured 
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using prior art pins. When this happens problems may be encountered with the 
ability to adequately secure the adhesive film 32 to the anvil via the vacuum. 
Thus the present invention is therefore also advantageous from the standpoint 
that the potential for such punctures is substantially reduced. 

Shown in FIGs. 3 and 7-10, in accordance with an embodiment of the 
present invention, are a series of processing steps illustrating the use of the 
plunge-up blade 34 to effectively remove a die 303 from an adhesive film 32 
during the die picking portion of a die attach operation. Referring again to FIG. 
3, die 303 has been positioned to a processing position corresponding to the 
opening 331 of the anvil 33. The primary surface 3031 of the semiconductor 
die 303 is substantially parallel with the surface 332 of the anvil 33, as shown in 
FIG. 3. During this step of the processing operation, the plunge-up blade 34 and 
blade holder 36 are in a retracted position relative to the base of the anvil 33. 
Referring now to FIG. 7, the plunge-up blade 34 and blade holder 36 have been 
moved to a position where the plunge-up blade 34 is projected through the 
opening 331 thereby lifting an edge portion of die 303 such that the die is 
elevated above the plane of the anvil at an angle that substantially corresponds 
to the incline of the blade 34. The angled blade 34 simultaneously supports the 
die while promoting peeling during the lifting step, which facilitates separation 
of the die 303 from the adhesive film 32 with minimal damage to die. In 
particular to GaAs die, which are much more brittle than semiconductor 
substrate types such as monocrystalline silicon. The blade provides support for 
the semiconductor die 303 while it is being lifted above the processing plane of 
the base of the anvil, thereby reducing stress concentration and distributing the 
pressure exerted by the blade across a greater surface area of the backside of 
semiconductor die 303, as compared to the prior art needles. In one 



embodiment the blade is oriented diagonally relative to the length (or width) of 
the die 303. In alternative embodiments the blade may also be oriented in 
directions that are substantially parallel to the length (or width) of the die, or 
when using multiple blades, they may extend in any combination of directions. 
5 A combination of the peeling effect and added support contribute significantly 
to the overall reduction in fractures observed during die picking operations. 
The fractures are most notably observed on gallium arsenide die having a 
thickness less than approximately 63.5 microns (2.5-mil) when using prior art 

□ needles to lift the die. The present invention has been successfully used to lift 

o 

\! 10 gallium arsenide die having a thickness of less than approximately 25.4 microns 

\! 

trf (1.0 mil) without producing die fractures. One of ordinary skill in the art 

hi - 

jjg recognizes however, that the present invention is not limited to any specific 

P semiconductor device substrate thickness or any particular substrate type. 

Additionally, unlike the prior art needles, which require leveling of their 
15 respective heights relative to the backside of the die to prevent the needle(s) 
from concentrating too much pressure in a specific areas of the backside Of the 
semiconductor die and causing die fractures and tape puncturing, there is no 
such leveling requirement using embodiments of the present invention. 

As shown in FIG. 7, the soft rubber vacuum pickup 38 is moved into a 
20 position that corresponds with a pick-up position to contact or nearly contact 
the die 303 when the plunge-up blade 34 is in its extended position. The 
positioning of the soft rubber vacuum pickup 38 can occur prior to, during, or 
after extension of the blade. When the soft rubber vacuum pick-up is moved to 
the pick-up position, the vacuum 70 is on or turned on. 
25 Referring now to FIG. 8, with the vacuum 70 turned on the die 303 can 

now be completely disengaged from the adhesive film 32. As shown in FIG. 8, 
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the die 303 is now securely mounted to the soft rubber vacuum pickup 38 via 
the vacuum 70. At this time, the soft rubber vacuum pickup 38, which is 
holding the die can be moved to a subsequent stage of the die attach operation. 
Referring now to FIG. 9, the plunge-up blade 34 and blade holder 36 have been 
5 moved to their retracted position and the soft rubber vacuum pickup holding die 
303 has now been moved to a position for package mounting. As shown in 
FIG. 9, the adhesive film 32 has substantially retained its original shape and is 
puncture free. At this point in the processing operation, the die picking process 
M step for die 303 with respect to the plunge-up blade is substantially complete. 

3 S 

O 10 The vacuum applied to the backside of the adhesive film 32 through the vacuum 
Si ports of anvil 33 is turned off and the adhesive tape 32 and dice are moved into 

in 

y a position for die lifting processing of subsequent die. For example, shown in 

GO 

B FIG. 10 the adhesive film 32 has been positioned such that die 304 is now in a 

O 

ry processing position on the anvil 33 and ready for processing in the die picking 

t . 

Ess 

jjs 15 operation. 

In the foregoing specification, the invention has been described with 
reference to specific embodiments. However, one of ordinary skill in the art 
appreciates that various modifications and changes can be made without 
departing from the scope of the present invention as set forth in the claims 
20 below. Accordingly, the specification and figures are to be regarded in an 
illustrative rather than a restrictive sense, and all such modifications are 
intended to be included within the scope of present invention. Benefits, other 
advantages, and solutions to problems have been described with regard to 
specific embodiments. However, the benefits, advantages, solutions to 
25 problems, and any element(s) that may cause any benefit, advantage, or solution 
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to occur or become more pronounced are not to be construed as a critical, 
required, or essential feature or element of any or all the claims. 
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